Microwave resonators made from high-temperature superconducting (HTS) films are becoming increasingly commercially competitive in the market of modern communication technologies. However, unlike normal metals, the HTS device performance suffers from intrinsically nonlinear electrodynamics, resulting in harmonic generation and intermodulation (IM) distortion at all levels of circulating power. The dominant sources of IM response are believed to be inductive and localized in only small regions of the HTS film having the highest current densities JRF(x,y). In our previous papers, examining microwave resonators of simple microstrip geometry, we have demonstrated that local nonlinearity imaging is possible with the technique of low temperature laser scanning microscopy (LTLSM) adapted to microwave experiments. Unique contrast due to IM current density Jm(x,y) was generated by the IM imaging method. It was applied to display the regions showing large nonlinear LTLSM photoresponse (PR) in HTS devices with a few-micrometer spatial resolution [ 1-31. Direct local correlation between Jm(x,y) and high Jw(x,y) at the edges of the strips, typical defects like twindomain blocks, in-plane rotated grains and micro-cracks was shown. Here we want to indicate that the geometrical features in HTS circuit layout for microwave devices of more complex geometry also radically affect the linear device performance. Fig. l(a) shows the geometry of the RF resonator under test. The device represents a transmission line patterned from thin TI2Ba2CaCu20, film on LaA103 substrate into a meandering strip by ion-milling lithography.
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It is capacitive coupled to an input RF circuit delivering power Pm in the range from 4 0 to +10 dBm. The frequency of fundamental resonance is about 1.85 GHz with a loaded QL-~OOO at T=80 K. For LTLSM characterization, the resonator was placed inside the vacuum cavity of a variable-temperature optical cryostat, which stabilizes the temperature of the sample in the range 6-300 K with an accuracy of 5 mK. Under this operating condition, the sample was x-y scanned by a 4 pm diameter thermal probe produced by a 1.1 pm diameter focused laser beam that is amplitude modulated with a frequency of about 100 kHz on the sample surface. The oscillating probe excites PR=GV (x,y) that was detected by a spectrum analyzer, amplified by lockin techniques, and then used for plotting the spatio-amplitude map of a quantity proportional to JRF(x,y) squared as a function of position (x,y) of the laser focus on the sample. These areas of huge RF current densities are expected to be the principal candidates for generation of local sources of nonlinearity in the device and were studied in detail by using the LTLSM in IM imaging mode. Fig. 2 shows global characteristics of the resonator used to make IM images. A set of JIM(x,y) LTLSM images was obtained at the IM2 frequency [ Fig.2(a) ] resulting from nonlinear mixing of the two primary tones (F1 = 5.968 GHz and F2 = 5.969 GHz) of equal power Pm that were centered with 1 MHz spacing around the peak frequency F = 5.9685 GHz of the device third harmonic. The spectrum was obtained at T=83 K and Pm = +14 dBm. The solid points in Fig.2(b) indicate the entire set of PIN values used for LTLSM measurements. To estimate the amplitudes of the linear (6Vw (x,y)) and nonlinear (6VIM (x,y) ) photoresponse, the laser beam was positioned at the corner of the resonator structure having a maximum value of J&,y). As can be seen from the FAM signal in Fig.2 (a) , the 100 kHz modulation of the probe produces frequency modulated microwave response on the order of 10-5-10-6 of the input CW signals. Fig. 3(a) shows an optical reflectivity LTLSM map (upper image) and the corresponding 3D plot (at bottom) of JIM(x,y) for a 0.4x0.4 mm2 area of the resonator that manifested the highest amplitude of J&,y). As The power-dependent spatial redistribution of these responses was analyzed in detail in a 25x25 pm2 region that is shown in Fig. 3(a) by a white open box containing an inside comer. No visible change in the JRF(x,y) distribution was detected for input powers between -40 dBm and +10 dBm at all temperatures from 78 K to T,. A typical LSM image is presented in Fig. 3(b) . In contrast, the IM PR undergoes a radical redistribution starting from -4 dBm here, especially for Pm close to +4 dBm [ Fig. 3(c-e) ] when the barely detectable 8 dBm IMD is visible in the global microwave response [see Fig. 2(b) ].
We have positioned a defocused 100 pm diameter laser beam at one of the inner comers of the resonator structure to measure the averaged PR data without scanning. Fig. 4(a) shows the power dependence of IM PR (squares) and RF PR (circles) at the comer at T=83 K. As evident, the linear rf PR is practically independent of input rfpower. This is due to the use of logarithmic amplification to detect the LSM PRY which presents the PR in the form of 8P/PIN. However, a tremendous change in IM PR is clearly visible in the plot. By using the LTLSM we show that continuous growth of IM PR at small Pm is associated with a widening of the nonlinear current spatial scale, while the decrease of the IM PR is due to a change in amplitude of JIM. We note that this drop is associated with the deviation of the global third harmonic dependence from power-3 behavior (Fig. 2(b) ). Additionally, a novel phase contrast in the LSM PR was found between Jw(x,y) and JIM(x,~). Fig. 4(b,c) compares both the amplitude and phase distribution of these signals obtained at the same T=83 K and P=+8 dBm. It is evident that the phase of JRF(x,y) is practically independent of position while the phase for JIM(XJ) PR changes up to 180 degrees at the comer of the resonator structure. Such behavior is possible when either Abrikosov (h< thickness d) or Pearl (h>d) vortices may be generated by high current densities at the comer. These vibrating vortices have a tendency to move into the film under the influence of the Lorenz force with the frequency of the applied rf drive and to create electrical field of opposite sign to the applied one. However, effects of heating in the HTS film by hot-spots of high rf current densities should not to be excluded from consideration as well. The lack of a theory for nonlinear LSM PR does not allow us to make a definitive conclusion. Development of such a theory will be our fiture effort.
In summary, we have developed the LTLSM technique to search for intrinsic sources of microwave nonlinearities in large area complicated microwave circuits locally with micrometer spatial resolution. We have compared and analyzed the LTLSM images of Jw(x,y) and JIM(x,Y) that were simultaneously obtained in the meander strip T12212LAO superconducting resonator by this technique. It has been shown that the sources of microwave nonlinearities may not be uniformly distributed across the film, and that IM PR is localized near the peaks in Jw(x,y), with only a very small fraction of the structure contributing to the global IM.
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